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Abstract: Transfer of Zn(II) ions from a mixed sulphate and thiocyanate solution through a supported liquid membrane (SLM) containing CYANEX 925 in kerosene as carrier has been studied as a function of stirring rate, [H+], [CYANEX 925], [SCN-], [H2SO4] and ammonia solution concentrations. The experimental results show that the transfer of Zn(II) ions increases with the increase in stirring rate, thiocyanate concentration in the feed and concentration of NH4OH used as the stripping solution. The transfer experiments of Zn(II) from its admixture with Co(II) indicated that Zn(II) could be extracted more than Co(II) by CYANEX 925; the transfer rate increased with time. The investigated SLM system could be used for removal of Zn(II) from an aqueous mixed thiocyanate/sulphate medium of [H+] = 0.01. In addition, the present system is selective for Zn-Co separation from aqueous mixed thiocyanate/sulphate medium. This selectivity was found to decrease with time and a maximum value of 25 is reached after 60 min. Repeated transfer of Zn(II) individually and from its admixture with Co(II) through the same membrane film with reasonable efficiency indicate that the used SLM is stable and durable.
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1. INTRODUCTION

Liquid membrane is one of the most important separation processes which is explored for the hydrometallurgical processing of heavy metals, rare earths, purification of wet process phosphoric acid, nitric acid recovery, etc. In the purification-separation of these metal ions, liquid membranes play a vital role. Liquid membranes first invented by Li1 remove the equilibrium limitations of solvent extraction by combining extraction and stripping in a single operation. In the past years, the use of liquid membranes has gained a general interest in the treatment of effluents where solute concentrations are low and large volumes of solutions could be processed.2,3 There are two basic forms of liquid membrane processes: emulsion liquid membranes (ELMs) and supported liquid membranes (SLMs).

Zinc, which is one of the elements studied in this work, is used in galvanising iron in making alloys and metallic coating to improve corrosion resistance of various types of steel. It is also used in rubber industry, ceramics and pharmaceuticals. The transport through liquid membranes has been experimentally successful in the hydrometallurgical field for the recovery and separation of Zn(II) ions in wastewater.412 Significant advances in zinc recovery by liquid membranes has gained a general interest in plant scale by Draxler and Marr in the application of ELMs,13 but disadvantages have been discovered in the processes of operations with liquid membranes. One disadvantage of ELMs is that the emulsion swells upon prolonged contact with the feed stream, causing a reduction of the stripping reagent concentration in the aqueous droplets, which reduces stripping efficiency. A second disadvantage is membrane rupture, resulting in leakage of the contents of the aqueous droplets into the feed stream and a concomitant reduction of separation efficiency. In the case of SLMs, among its advantages are high selectivity of the process, modest capital and operating costs, low energy consumption, and the possibility of using expensive extractants.

Organophosphorus extractants are a good choice for metal extraction due to their solvation properties related to the basic properties of the oxygen atom, as well as their chemical stability and low solubility in water. These extractants have been widely used for the separation and recovery of Zn(II) from HCl medium.14,15 Regel et al.16 used CYANEX 921, a mixture of 4 trialkylphosphine oxide (CYANEX 923), bis(2,4,4-trimethyl pentyl) monothio phosphinic acid (CYANEX 302), Alamine 336, tri-n-octyl phosphine oxide (TOPO) and tri-n-butyl phosphate (TBP) for the recovery of zinc and concluded that TBP is relatively the best extractant for the recovery process. Liquidliquid extraction of Co(II) and Zn(II) from NH4SCN/H2SO4 media by methylisobutyl ketone (MIBK) has been studied systematically.17

The influence of sulphuric acid concentration on the percentage of extraction of Co(II) and Zn(II) has been discussed and the separation of Zn(II) from Co(II) was found to be possible when [NH4SCN] is 0.5 mol and [H2SO4] is about 2 mol l1; under these conditions the separation factor (SZn/Co) is around 580. The extraction of Zn(II), Fe(II), Fe(III) and Cd(II) with tributylphosphate (TBP) and commercial trioctylphosphine oxide (CYANEX 921) in kerosene from chloride medium has been studied.18 Based on the obtained results, undiluted TBP was selected as a suitable extractant for the recovery of zinc from pickling solution resulting from hot dipping galvanising bath.

As sulphate is a common aqueous medium in many industrial applications, the extraction of zinc from sulfuric media has experienced a renewed interest because of the use of this process on a commercial scale for treating wastewater streams and secondary materials.19 On the other hand, the presence of the thiocyanate ion in the aqueous medium can increase the extraction of metal ions from other media. In this context, the present work is directed to study the transfer of Zn(II) and Co(II) from mixed sulphate and thiocyanate solutions through a supported liquid membrane (SLM) impregnated with CYANEX 925 in kerosene.

The effects of the different parameters affecting the transfer rate and permeability coefficient of the used SLM for Zn(II) and Co(II) were separately investigated. Therefore, the individual transfer of Zn(II) was studied as a function of stirring rate, [H+], [CYANEX 925], [SCN-], [H2SO4] and ammonia solution concentrations. In addition, the transfer of Zn (II) from its admixture with Co (II) was investigated. The results are elaborated to assess the optimum conditions for maximum recovery of Zn(II) and Co(II) from aqueous sulphate solutions using SLM. The selectivity and durability of the used membrane for Zn(II)/Co(II) separation is also discussed.

2. EXPERIMENTAL

2.1 Chemicals and Reagents

Most of the chemicals, materials and reagents used in this work are of analytical reagent (AR) grade. Double distilled water is used for preparation of all aqueous solutions and final washing of glassware. The commercial extractant CYANEX 925 (a mixture of branched chain alkylated phosphine oxides), was kindly offered by Cytec Inc. and used as received. Odourless kerosene was supplied from Misr Petroleum Company, Egypt.

2.2 Procedure

2.2.1 Preparation of solutions

The aqueous phase of 0.005 M Zn(II) and 0.005 M Co(II) stock solutions were prepared by dissolving a known weight of zinc sulphate and cobalt sulphate in a mixed solution of 0.1 M NH4SCN and 0.1 M H2SO4. All the extraction and stripping experiments were carried out at ambient temperature 25  1C.

2.2.2 Determination of Zn(II) and Co(II)

Based on the formed soluble complex between Xylenol Orange and Zn(II) at pH 6,20 the concentration of Zn(II) in the aqueous thiocyanate solution was spectrophotometrically21 determined by measuring its maximum absorbance at 570 nm using a Shimadzu double beam recording spectrophotometer model 160 A.

The concentration of cobalt in aqueous solution was spectrophotometrically determined based on the colour of the water soluble complex formed between PAR and cobalt (II) at pH 8.2.22 The spectrum of Co(II) shows the maximum absorption peak at 510 nm.

2.2.3 Mass transfer investigations through SLM cell

In the mass transfer reactions through the SLM, the support membrane film (cellulose nitrate or mixed cellulose ester, MFS, USA) was soaked in the CYANEX 925/kerosene solution for 24 h, washed with distilled water to remove excess extractant then dried between two filter papers. The membrane was fixed between the two half-cells (Figure 1). One compartment was filled with the feed solution and the other with the strip solution (70 ml each). The two solutions were independently stirred with mechanical stirrers and in all experiments both feed and stripping solutions were stirred at the same speed. The experiments were performed at 25  1C. The experiment began by starting the stirring motors in the two compartments of the cell. Equal aliquots were withdrawn from the two compartments at different time intervals, and the concentration of the metal in these aliquots was analysed as mentioned before.
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Figure 1: Thin sheet supported liquid membrane.



3. RESULTS AND DISCUSSION

According to the previous results obtained from the liquid-liquid extraction of Zn(II) and Co(II) from aqueous medium,23 the optimum conditions for Zn(II) extraction and stripping were used for the transfer of both Zn(II) and Co(II) through the flat sheet supported liquid membrane presented in this work.

In this respect, two sets of kinetic experiments through the cell were carried out. In the first set of experiments the effects of stirring rate, [H+], [CYANEX 925], [SCN-], [H2SO4], and ammonia solution concentrations on the individual transfer of Zn through the SLM were separately studied. In the second set of experiments the optimum conditions derived from the individual transfer experiments of Zn were used to study its transfer from its admixture with Co(II).

The apparent rate constant (k) of metal ion transfer was obtained from the slope of ln C/Co vs. t plot according to the relation:








	ln C/Co =  kt
	



	or
	



	log C/Co =  kt. 2.303
	(1)





where Co is the initial concentration of metal ion in the feed and C its concentration at time t.

Based on the value of k, which was obtained from the slope of the plot of C/C0 against t on semi- log graph, the permeability coefficient (P) of the membrane was calculated according to the following equation:24








	P = kV / Aε
	(2)





where V is the volume of the feed solution, A is the area of the membrane film and ε is its porosity.

The values of P under different conditions are calculated and given in Table 1.


Table 1: Effect of stirring rate, sulfuric acid, hydrogen ion, CYANEX 925, ammonium thiocyanate and ammonia solution concentrations on the permeation rate and permeability coefficient of Zn(II) transfer through SLM impregnated with CYANEX 925 in kerosene.
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3.1 Transfer of Zn(II) through SLM Impregnated with CYANEX 925 in Kerosene

In supported liquid membranes, the metal permeation process starts by diffusion of the metal from the feed solution to the external membrane layer followed by chemical reaction of the metal with the extractant at the external membrane interface.

3.1.1 Effect of the nature of the supporting film

To evaluate the effect of the nature of the supporting film on the permeability and the selectivity of the SLM, two membrane films, namely, cellulose nitrate and mixed cellulose ester, with different chemical composition, pore size, thickness (dm) and porosity (ε) were tested under the same experimental conditions of aqueous feed solution, stripping solution and carrier concentrations and the results obtained are shown in Table 2.


Table 2: Influence of the nature of the support used in the membrane phase on the Zn(II) transfer through SLM impregnated with CYANEX 925 in kerosene.
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The tabulated data show that the permeability of Zn(II) changes with the change in the membrane material and cellulose nitrate was found to give higher permeability of Zn(II) compared with mixed cellulose ester under similar experimental conditions. Therefore, cellulose nitrate was used as support in all the SLM experiments carried out in this work.

3.1.2 Effect of stirring speed

As the stirring speed is a hydrodynamic parameter, its effect on the diffusion process is more pronounced, i.e., as the stirring speed increases the diffusion process increases gradually until a region is reached where the diffusion remains constant with any further increase in the speed. Accordingly, the effect of stirring speed was studied by equally varying the stirring rate of the feed and strip solutions in the range 150300 rpm range while fixing the other parameters.

The plot of C/Co as a relation versus t (on a semi-log graph of Figure 2), indicates that the increase in the stirring speed increases the diffusion process until a constant value is reached after 5.4  103 seconds at 250 rpm or more (Figure 2). In this region the diffusion contribution of the metal ions from the feed to the external layer of the membrane and through the aqueous film of the membrane surface to the strip solution is constant. Therefore, a stirring speed of 250 rpm was chosen for the investigations carried out on the effect of the other parameters on the permeation process.
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Figure 2: Effect of stirring rate on the transfer of Zn(II) through SLM in the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49 M, [NH3] Soln. = 1 M, [CYANEX 925] = 0.015 M).



3.1.3 Effect of carrier concentration

The effect of CYANEX 925 concentration on the permeation of 0.005 M Zn(II) dissolved in mixed sulphate/thiocyanate solution was studied in the range of (7.5  103 M)(4  102 M). It was observed that the rate of transfer (Figure 3) and permeability coefficient of the SLM for Zn(II) increases by increasing the carrier concentration till 0.025 M (Table 2).
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Figure 3: Effect of CYANEX 925 concentration on the transfer of Zn(II) through SLM from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49 M, [NH3] Soln. = 1 M).



3.1.4. Effect of hydrogen ion concentration in the feed solution

The effect of hydrogen ion concentration, when keeping the concentration of NH4SCN constant at 0.1 M, on the transfer rate of 0.005 M Zn(II) through the SLM impregnated with 0.015 M CYANEX 925/kerosene solution was investigated in the initial [H+] range 0.0050.4 M, while keeping constant the [SO42] at 0.5 M by using sodium sulphate salt. The increase in hydrogen ion concentration in the investigated range was found to decrease the transfer rate (Figure 4) and the permeability coefficient of the SLM for Zn(II), as in Table 2.
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Figure 4: Effect of hydrogen ion concentration on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [CYANEX 925] = 0.015 M, [NH3] Soln. = 1 M).



3.1.5 Effect of sulphuric acid concentration in the feed solution

The effect of sulphuric acid concentration in the feed solution on the transfer rate of metal ions was investigated in the range of 0.0051.5 M, while keeping all other experimental conditions fixed as mentioned in the experimental section. The results of C/Co versus t as a semi-log relation are shown in Figure 5, indicating that the rate of Zn(II) transport decreases as the sulphuric acid concentration increases and also the permeability coefficient of the SLM for Zn(II) decreases.



[image: image]


Figure 5: Effect of H2SO4 concentration on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [CYANEX 925] = 0.015M, [NH3] Soln. = 1M).



3.1.6 Effect of thiocyanate ion concentration in the feed solution

The effect of increasing the thiocyanate concentration in the feed solution on the transfer rate of Zn(II) was studied in the range 0.010.5 M. The results of C/Co versus t relation shown in Figure 6 indicate that the increase in the thiocyanate concentration in the investigated range increases the transfer rate and the permeability coefficient of SLM for Zn(II) in the system (Table 2).
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Figure 6: Effect of NH4SCN on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn(II)] = 0.005 M, [CYANEX 925] = 0.015M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49M [NH3] Soln. = 1M).



3.1.7 Effect of concentration of the stripping solution

Since the extraction and stripping processes in SLM system are carried out simultaneously, it is significant to explore the effect of strippant concentration in the stripping phase in order to enhance the metal ion transfer by making efficient stripping process at the interface of the membrane and receiving solutions. As found by solvent extraction experiments,24 NH4OH solution is an efficient stripper for Zn(II) ions from loaded CYANEX 925/kerosene solution. Therefore, the study will be mainly directed to ammonia solution. The effect of NH4OH solution concentration in the stripping side on the transport rate of the metal ion investigated in the range 0.15 M showed that that the transfer rate of Zn(II) increases as the NH4OH concentration increases from 0.1 to 3 M, then decreases with further increase in NH4OH concentration (Figure 7).
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Figure 7: Effect of ammonia solution concentration on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49 M, [CYANEX 925] = 0.015 M).



3.2 Transfer of Co(II) and Zn(II) from their Admixture

In this set of experiments the transfer rate of Co(II) and Zn(II) from a feed solution containing a mixture of 5  103 M Co and 5  103 M Zn was also studied when using 0.025 M CYANEX 925 in kerosene as carrier. The results of the relative transfer of Co from this mixture, represented as the C/Co vs. time t as a semi-log relation, shown that the transfer rate of Co(II) is nearly not affected by the increase in contact time (Figure 8). On the other hand, the transfer rate of Zn(II) in presence of Co(II) increased gradually with the increase in contact time.
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Figure 8: Effect of time on the transfer of metal ions through SLM impregnated with CYANEX 925 in kerosene from its admixture under the optimum conditions of Zn(II) transfer ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01).



3.3 Selectivity of the SLM System

The difference in the kinetic behaviour of Zn(II) and Co(II) in the investigated system could be used to favour the selectivity of the investigated system for the removal of Zn in the presence of Co. The selectivity of one ion over the other is defined as the ratio of their respective enrichment factors,25 is given as:








	S = YZn / YCo
	(3)





where S is the selectivity and Y is the enrichment factor.

The enrichment factor of zinc or cobalt is given by the following relation:








	Y =[Cs] / [Cf]
	(4)





where, [Cs] and [Cf] represent the concentration of the species in the stripping and feed solutions at time t, respectively, 25 under similar experimental conditions.

The selectivity of the used SLM for Zn-Co separation was calculated at different time intervals from the ratio of their maximum enrichment factors show that a maximum selectivity of 25 is reached after 60 min (Tables 3 and 4).


Table 3: Enrichment factor (Y) of Zn(II) and Co(II) from their mixture in the investigated SLM at the optimum conditions* of the transfer of zinc through the SLM system at different time intervals.
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Table 4: Selectivity (S) of Zn(II) / Co(II) separation in the used SLM at different time intervals.
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3.4 Membrane Stability and Durability

The performance of the SLM depends not only on the permeation and the selectivity of the membrane but also on its stability. Although, the present system (CYANEX 925 dissolved in kerosene and supported on cellulose nitrate film) is stable enough to transfer almost Zn(II) in the feed solution to the strip solution, it is of interest to investigate its stability for long term operation. The stability of the SLM was tested by carrying out the transport experiments repeatedly using the same membrane impregnated with 0.025 M CYANEX 925 in kerosene under the optimum conditions for maximum Zn-Co separation.

Five consecutive runs, each of 150 min were performed using fresh solutions in both compartments for each run. The results of the relative transfer of Zn(II) with and without Co(II), represented as the C/Co vs. time t on a semi-log relation, show a gradual increase in the transfer rate of Zn(II) with the increase in contact time but a gradual decrease in the rate transfer of Zn(II) is observed with the increase in the number of runs (Figure 9).
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Figure 9: Effect of time on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene under the optimum conditions of Zn(II) transfer for five runs: (a) without Co(II), (b) with Co(II). ([Zn(II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4)] = 0.01 M, [Co(II))] = 0.005 M, [Na2SO4] = 0.49M, [NH3]Soln. = 3M, [CYANEX 925] = 0.025 M, [H+] = 0.01).



The percent extraction at the different investigated runs is shown in Figure 10. It is clear from the results obtained that the SLM formed by cellulose nitrate membrane supporting 0.025 M CYANEX 925 dissolved in kerosene as carrier is quite stable, where the extraction percent Zn(II) with and without Co(II) gradually decreases. The extraction percent of Zn(II) without Co(II) is higher than with Co(II). It is found that the extraction percentage of Zn(II) without Co(II) decreases from 73% to 45% while the percent with Co(II) decreases from 55.7% to 36.9% after five runs.
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Figure 10: Effect of number of runs on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene under the optimum conditions of Zn(II) transfer for five runs: (a) without Co(II), (b) with Co(II). Conditions: [Zn(II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4)] = 0.01 M, [Co(II))] = 0.005 M, [Na2SO4] = 0.49M, [NH3] Soln. = 3M, [CYANEX 925] = 0.025 M [H+] = 0.01.



4. CONCLUSION

From the aforementioned results and discussions, the following are concluded:


	The individual transfer experiments of Zn(II) through a cellulose nitrate membrane impregnated with CYANEX 925 in kerosene increased with the increase in stirring rate, thiocyanate concentration in the feed, and molarity of NH4OH used as the stripping solution.

	The transfer experiments of Zn(II) from its admixture with Co(II) showed that Zn(II) could be extracted more than Co(II) by CYANEX 925; the transfer rate increased with time.

	The investigated SLM system could be used for removal of Zn(II) from an aqueous mixed thiocyanate/sulphate medium of [H+] = 0.01. In addition, the present system is selective for Zn-Co separation from aqueous mixed thiocyanate/sulphate medium, and this selectivity decreases with time and a maximum value of 25 is reached after 60 min.

	The SLM system is economic and efficient where the same membrane film can be used for more than one run.
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0.005 384 o
1M 001 3.866 48
o1 1306 16
04 0.462 06
0.01 14 17
0.05 3305 4
[NH,SCN]. M () 3.866 48
02 403 50
05 4.165 52
0.1 0.1173 0.15
1 3.866 48
[NH,OH], M 3 4.96 62
5 1414 55
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Experimental conditions: [Zn ()] = [Cofl)] = 0.005 M, [NH SCN] = 0.1 M, [HSO] = 0.01 M
[H ] = 0.01, [Na:SO.] = 0.49 M. [NH:] Soln. = IM, [CYANEX 925] = 0.025 M.






